The objectives were to describe and discuss the current 
The current approach to setting workplace standards has been criticised in the past from different angles. One of the comments concerned the use of the rationale that if there is no evidence of impairment, no safety factors are needed. This approach implies that no protection is given if data are lacking. Also, more than 75% of the standards were established 15 to 40 years ago. Then and now, data about long term effects-for example carcinogenesis, genotoxicity, and reproductive toxicity-are inadequate or lacking for many substances. We discussed these points in more detail in the companion article in this Journal. ' Several solutions are conceivable. An approach fundamentally different from the current one (as long as harm is not proved, risks are not considered likely) is "the reversal of the burden of proof': every exposure to a substance is considered dangerous, until the extent of toxicity is sufficiently known. According to the risk classifications,23 also described in the preceding article,' this type of risk attitude can be characterised as the attitude of risk avoidance, to be distinguished from the attitudes of risk regulation and risk acceptance.
In The Netherlands, for many years scientists and trade union representatives have criticised the existing workplace exposure standards.4 After the 1992 United Nations conference on environment and development (UNCED) in Rio de Janeiro, Brazil, this criticism was re-emphasised by a very broad range of social movements. More than 50 Dutch environmental, health, women's, and trade union organizations have joined forces and twice appealed to the government to use the precautionary principle in setting standards in the workplace. This approach, they claimed, would protect the quality of the children and prevent irreversible effects such as cancer.56 These organizations made a case for the introduction of the principle that potentially toxic substances should be banned, unless the extent of toxicity to men, women, children, and fetuses was sufficiently known to derive a standard.
Considering the comments on today's practices of setting standards in which the attitudes of risk regulation and risk acceptance are so apparent, we explore here an approach for setting standards for occupational exposure that fits the attitude of risk avoidance, by using the precautionary principle. So, the central question is: How can the precautionary principle be implemented in occupational exposure standards, and what might be the resulting limit values?
The precautionary principle was adopted internationally as a starting point for environmental policy in 1992 at the global UNCED in Rio de Janeiro, Brazil. This principle stipulates that "where there are threats of serious or irreversible environmental damage, lack of full scientific certainty shall not be used as a reason for postponing cost effective measures to prevent degradation" .
The way in which the various concepts (threats, serious damage, certainty, cost effectiveness) within the description of the precautionary principle should be interpreted could be extensively discussed, analogous to the concepts discussed in our companion article. Here we have chosen a more practical approach to give an impression of the consequences when interpreting the concepts in one specific way. The concept of cost effective measures is not included in our elaboration. The reason for this choice is that the Dutch legislation distinguishes two criteria in preventing harm to health: effectiveness in prevention of health injury and reasonableness of measures. According to that framework, discussion about the cost effectiveness fits within the discussion about reasonableness of measures (see also the preceding article'). So Except for a few substances, in the EU no standards are yet provided for genotoxic or carcinogenic substances, but it is generally accepted that for these substances a "no effect level" (NEL) does not exist. As yet, only Germany has developed a list with TLCs."3
The strictest implementation of the precautionary principle in the workplace would mean an exposure limit of zero. In fact, however, we propose that for these substances a precautionary OEL of 0'1 mg/iM3 as a ceiling value should be established as long as other more far reaching measures are not possible and if the use of the substance is justified. Exposure should be kept as low as reasonably achievable below this level. For some specific substances in Europe more far reaching regunations exist-for example, for asbestos and benzene. Sometimes the current OEL is lower than 0 1 mg/ml-for example, for vinylchloride monomer. Obviously, in those cases, the more far reaching regulation should be used.
To use a generic ceiling value not primarily based on toxicological motives, stems from the practice used in setting standards for quality of drinkdng water in The Netherlands. For substances that do not occur naturally in the environment, a value of 0-1,ig/l was set. '5 This value was chosen without a basis of toxicological data.
The generic value of 0 1 mg/mi was also chosen arbitrarily. If we compare this value with the current Dutch OELs (n = 642), we see that 10% of them are equal to or lower than that value. From that perspective 0-1 mg/M3 is a value at the lower limit. On the other hand, if we compare this value with the current German TLC values established so far for carcinogenic substances (n = 64), again much lower values were seen (21 values lower than 0.1 mg/M3n; nine values equal to 0.1 mg/M3n; 34 values higher than 0-1 mg/M3).
The specific German values, as far as available, may be adopted.
SUBSTANCES WITH TOXIC EFFECTS ON REPRODUCTION
Those substances that do not belong to the category of carcinogenic or genotoxic sub-stances, but are suspected of causing reproductive risks make up this category. It includes the remaining substances from the EU directive "pregnant and lactating workers". The old category "birth defects" (R47) includes only part of the reproductive risks. Consequently, we searched for supplementary lists.
As a first supplementary list for classification of reproductive effects we took the "review reprotox list" used in an earlier study.'6 A list of substances with potential reproductive toxicity (n = 145) was compiled from four reviews of these risks.'7-20 The reviews used are only a selection of all those on reproductive toxicity; other, especially more recent, reviews should be screened for supplementary substances. It is expected that in the more recent reviews more data are available on the reproductive risks to or through men. So, our list has a provisional character too; a regular update of the substances on the list and of the toxicological data is needed. As the main goal here is to make obvious how the interpretative space could be used for indications of risks (uncertainties), to give an impression of the consequences, we did not supplement the list with more recent reviews.
We also included the substances mentioned in the German MAK list as potentially fetotoxic (groups A, B, and D). ' The database gives an overview of the available data for each substance; this includes available data on reproductive toxicity. For each study the number of experimental animals, the exposure route and duration, the type of effects, and the LEL are given. From this database we used only inhalatory studies to limit uncertainties in the extrapolation, as human occupational practice mostly involves inhalation as the primary route of entry. If animal inhalation studies of reproductive effects are found for a substance in the RTECS database, then a precautionary OEL can be derived, starting from the LEL with a simple set of three safety factors. Several extrapolations are necessary to assess the risks of reproductive toxicity for men in the workplace. Zielhuis and Van der Kreek proposed an extrapolation method for this purpose.26 They distinguished eight determining factors: (1 and 2) the number of animals and species examined; (3) the size of the animals; (4) the magnitude of the differences between species; (5) the seriousness of the observed health hazards; (6 and 7) the shape of the dose-effect curve, and the number of dose levels; and (8) the availability of human data. Zielhuis and Van der Kreek combined these eight factors into three safety factors; they preferred to offer a range for each safety factor that enables one to make an educated guess in specific cases.26 For the sake of simplicity and practicability, we used one numerical value as the safety factor, which was the average value of all these safety factors ( caution would lead to the principle that every exposure to a substance should be zero, unless it is shown that a specified exposure to that substance will not be harmful. Nevertheless, our approach is stricter than the current strategy for setting standards. Also, we provide a more tailor made procedure than the uniform precautionary approach-as described in the preceding article'-in which for all substances the same safety factor of 10 is used (the "factor 10 method") as long as no comprehensive assessment has been done in which all studies are critically evaluated according to a set of criteria (the "critical health based recommended OEL method").27 As 14 of the 54 calculated precautionary OELs exceed 0a1 MAC, it can be questioned whether the generic safety factor, as proposed in the preceding article,' is cautious enough for most of the chemical substances, as long as no extensive toxicity assessment has been done. It probably is for those with no indications of reproductive toxicity but not for substances for which indications are evident.
We considered the extent of the EU lists for both categories of substances to be rather limited. For that reason we added other substances from science and policy sources. Although the EU criteria for classification of reproductive substances were broadened recently, until now this has led to only a short list of substances with suspected or proved reproductive toxicity.28 Classification was based on epidemiological and animal studies.
Distinction was made between three categories, depending on the strength of evidence of reproductive risks. In the Nordic countries a comparable classification system was developed, but there too it did not lead to a longer list of substances.2930 We therefore combined the EU list with a list based on four critical reviews; the list of suspected fetotoxic agents, derived from the German MAK list; and the Californian list that contained substances with potential toxic effects on reproduction.
For practical reasons, we chose only inhalatory studies. The method would have been improved if the available reproductive studies with exposure routes other than inhalatory had been also taken into account. The same holds for the safety factors used. Although Zielhuis and Van der Kreek offered a range for each safety factor,26 we chose for the sake of simplicity to use the average value. Instead of a range for each factor it would be preferable to enlarge the number of safety factors-for example, by using the eight original elements of the three safety factors mentioned by Zielhuis and Van der Kreek, or by using the eight elements of the safety factor proposed in the "critical health based recommended OEL method",27 which are somewhat different from those of Zielhuis and Van der Kreek. 26 As our method uses the LELs as the reference points without critical evaluation of the study, it could be considered that we evaluated in more detail the quality of the studies that showed LELs much lower-for example, a factor of 100 lower-compared with other LELs. Such an approach may prevent a low quality study with a very low limit needlessly leading to a very low precautionary OEL.
The method can also be improved by deriving precautionary OELs from data that supplement the RTECS database. The inclusion of human data would contribute substantially to such an improvement. The on line database TOX-ALL may also be of help in this respect.3' It is clear that all those improvements in validity take time, and may be impractical, as this method has to be applied by such bodies as occupational health and safety services.
A calculation that only takes into account the LEL for reproductive effects may lead in specific cases to an inadequate generic precautionary OEL. Londo2' compared 42 substances from the current Dutch MAC list of which LELs for reproductive effects were available in the RTECS database, and at least the LELs for one other organ system; reproductive effect was critical in 27 of those substances, and in seven was one of the critical effects; in eight substances other effects were critical. So to broaden the method to other effects could be considered.
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